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(57) Abstract . . 

A gene encoding a novel transcriptional regulator having a bromo domain has been successfully isolated from a human testis cDNA 
library by effecting polymerase chain reactions employing primers prepared based on an EST sequence which has a high homology with a 
transcriptional regulatory factor M RING3" having a bromo domain and has been found out by retrieving a data base with the use of the 
sequence of W RING3 B . By analyzing the expression of the isolated gene, it has been found out that this gene is expressed strongly in 
testicular cells with a potent ability to proliferate. The use of the above transcriptional regulator and its gene makes it possible lo screen 
candidate compounds for factors interacting with the transcriptional regulator or drugs controlling the activity of the regulator. 
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/-f >£*fri>* il^. l<®££tt2fll (Tamkun JW et al.(1992). 

Nuc. Acids. Res., 20, 2603. Haynes SR et al. (1992). Nuc. Acids. Res., 
20, 2603) . &£U±5<! (Nicolas RH and Goodwin GH. (1996). Gene, 175 (1 
2), 233-240) CD^P* KpW>^-7£^T-V^o ZO^f-^Ol^S 
®m*fc$mtlDtz'oZ%>+>. frmt. US (Winston F et al.(1987). Geneti 
cs, 115, 649-656, Laurent BC et al.(1991). Proc. Nat. Acad. Sci., USA 88, 
2687-2691) . S/a«>S?3£/*x (drosophila) (Digan ME et a 

1.(1986). Dev. Biol., 114, 161-169. Tamkun JW et al.(1992). Cell, 68, 56 
1-572) ^m^M (Denis GV, and Green MR. (1996). Genes and DeveL, 10, 
261-271. Yang X J et al.(1996). Nature, 382, 319-324) ©&¥M3Ifc?fc 

^i5it•rv^?.iiflaT•^^;^fl!<#^4CDlG¥«:ll@tTV^2) (Tamkun JW et al.U 
992). Cell, 68, 561-572. Haynes SR et al. (1992). Nuc. Acids. Res., 20, 

2603) o rDtF/otm^w^w^-Htiie?© 
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Siti^T, /D€^^>m^th©fe¥IW> r RING3j , r P 3o 
0/CBPj N XV r PCAFj A^KSLT^SCfcfftfSftWS. 

r RING3j afe^ttx 7 7*1 It \>£M®MM&tiM% (Beck et al., 
(1992) DNA Seq., 2: 203-210)©IE?>J£l£ <*Wrr3BfcB£3*lfc. RING3t i 
Ds-FStia^W^irau t h3Ite^ >"D26362j (Nomura et al. ,(1994) DN 
A Res.,l:223-229):fcJ;V^3^a£>^$tfi ; ? Tfshj (Digan et al.,(1986) 
114: 161-169) tmmtZGT £o 3o©it£^ (iit> -oOfi^Stifctf— 
7£*-rS*W<7«*:i-r*Ta. BPt, 2DK-©^o^ M>f >£«fctfPES 

#**>ft"0^ 59^637^$©^?— 7-CftDC¥ftK»fS^>^^Jl(T 
amkun JW et al.(1992). Nuc. Acids. Res., 20, 2602, Haynes SR et al. (199 
2). Nuc. Acids. Res., 20, 2603)£j|ffi£*i6o PESTEBIBu Mfc«Hftrt# 
# (Rodgers et al., (1986) Science,234:364)£gtt3* W^RCttflTC*** 
7D'J> (P) , ?;i^>& (E) s -fe > (S) , £<fctf7>l/*-> (T) ©* 
57,*-T-fc£o 

TRING3j £«fc!3D-r*£*iS*W^Ktt90kD©#?m£*IU -fe'J>-21/ 
^-->dr^-— fe*r£ft££T3(Denis and Green,(1996) Genes and Devel., 10:26 
1-271) 0 r RING3j fcitf rfshj ©E5«£ia»©* U >-Xl/*=>**-*© 

-f>i:^LTV>S) ifctfi^tifc. r RING3j ®^rt-- tfrSttli, ^>*-d 
(IL-1) *«fctf7*;i/;^y>t,fcDJH»£ftS#. fli©-^©*«© 
*M h;M >T*tt»£*i&M Denis and Green, (1996) Genes and Devel. ,10 
:261-271)c m&>)>^V£&lf!Lm&£V&& i ) >^ttfiJliUPit43»S^— 

i:i8jgj«fc©88&HfliJ:»K ejfl«sa«*a«raisKt*tf * f ring3j ©& 
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Sl#> M£ti£(Denis and Green,(1996) Genes and Devel., 10:261-271 ) 0 > 
afr^sfr^x© rfshj ©jfifc^JUflrfc*!), 8i3£© r fshj 'J >8tti7£tt©« 
ftT-feSnJtlttfffc* rtrithoraxj te¥H?fc©ffiSfl s ffi**w**i*(Digan et 
al.,(1986) Dev. Biol., 114: 161-169, Mozer and Dawid, (1989) Proc.Natl.Ac 
ad. Sci. 86: 3738-3742) . rtrithoraxj &£T-i:*©t: hffiR TALL-lj tt, fijfa 
^{?Kjl:^lCB^n?)^<©itfe : F(Cftjl©C4HC3i;>^7'f >#-££T£ (Aas 
land et ah, (1995) Trends Biochem. Sci. 20: 56-59, Sana et al.,(1995) Pr 
oc. Nat. Acad. Sci. 92: 9737-9741 )„ 
-£ N r RING3j JlinX-Ts '^*<il*2o©ffe©7'Dt M-f 
r P 300/CBPj &<fctf r PCAFj B«^l*fcHa-3tt&*VC^ft. r p300j 
/^ISi: rcBPj * w**Ktt2o©g&5»fi5 ; Ffc:«fc *) H^fHStf^ &»-C 
ttttfcHfcLTfctK ut^t r p300/CBPj fcofKiiSilfctf^o r CBPj © 
ggau tWi3i;«SititB^^^5o r CBPj ©£Hl±, ltd 
*tam&mm$:Bf$.TZ>)l'V>Z#'(>-T'( C (Rubinstein-Taybi) €{£$© 
IliBfc&S (Petri j et al.,(1995) Nature, 376: 348-51 ). ^<ofr© 
^ti#ilttSJfil^t:*jV>rx Wj li, r t (8;16)(pll;pl3)fe&j CfctvC r M 
OZj i: BRUTUS (Borrow et al.,(1996) Nature Genet. ,14:33-41 ) 0 £©»£ 

Ht&oTU£^t$#fe£(Brownwell and Allis,(1996) Curr.Opin.Genet.De 
vel.,6:176-184) 0 «" p 300j ©gBBu »$6tt©^«£ itff S5£*^"£ 6R£ 
£tlTfc"3(Muraoka et al., (1996) Oncogene, 12,1565-1569), r p 300j 

300/cbpj ©asi%^rt»^-o©*iitt, ^n^Btttoisae^iiffls^fflr* 

fc^-5£fc"t-fca.0!l*.HU *ftl±* r c-Mybj (Dai et al.,(1996) Genes and 
Devel., lO:528-540)£J:tf r c -Fosj <g¥H^( Bannister and Kouzar ides, (199 
6) Nature 384:641-643) ©JtRiSttfliB? (coactivator) ffeD, TtJ*?* 
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JV7, r ElAj * W^H#I8£*3 (Yang et al. ,(1996) Nature, 382: 31 9- 324 )» 
TElAj © r p 300/CBPj fc©«5ftfflttx rpcAFj t 

r p300/CBPj rpcAFj tttX h>T-bf-;i/b7>^7i7— If 

r PCAFj l±, ^iWC^tfcfcSts fcfcflUSCfcttaElAfc 
MmtZ*&i&Z&l , P£# : &>Z-£1fi-Ci*ZVlw et al. ,(1996) Nature, 382: 319-3 
24) 0 tot, ElAMfi^iStt©!!-©^©-^ r PCAFj - r P 300j tBSft 

ft^WHSH? r RING3j ©E5»J*ffllr\Tr-^-^-^Stft*tx r RING3j 2:8 
l^tt***ttft©ESTE*J£lifflLfc. KWCs dfte>EST©-o©E?<J£g 
C77-f7-SI3SU t h!jimcDNA7^77U-fc:Wfr^7 , 7'l'T--$|iJffl 
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( i ) saw-f : i ctae©?" * j mmk * fetter ^ j mimz^x i 
eu< aw*©?' %L<&<mLtzTi;mmmz%Ls 

( 2 ) : 2 fc:gBtt©JI£iBfyfre>&3DNAi:/W #V XT3DNA# 

(3) (1) *fctt (2) tg3«OG¥W«SH : f*3-K-rSDNA, 

(4) (3) £fB»©MIA££&'<**-* 

(5) (3) fcg«©DHA£«£TfffiBK«#t*J£Hfi!fe(fc 

(6) (5) CfB«©^Htetftft*«*f axss^tr, (1) £fctt (2) 

(7) (i) $tc\z (2) cja«©igs«ttH?cis^-r*tti*s 

(8) (i) zit\t (2) tuBeoc^BasH^te^-rsfiSttsfi-rsfl;^ 

(a) (1) ttzii (2) CiBttOte^aaH^fcttRIKSilSgftt^^SXg, 

(b) (i) sfctt (2) tffittoc^sflsH^fc^-rsTStts^-rsft^* 

(9) (8) tlBa©3&at:J:D*«L-5a, (1) Sfctt (2) £IBil©$5 

(10) X«Sfi*T-*5s (9) £ffl«©fc£fc. 

(11) 1E?|J#^ : 2 ££tt©££eB8lfr &SDNAfcftBtt£>W TV 94% 
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: 1£ N a^w^R*D-K-r*cDMA©*afi5M*E5aW: 2C*-To r TS 
Bj *wt*W± % -lRtfl!i©te¥««SH?«cifi:OfflS^ffltBI4-r5«*i:t 

7"n^ > (E3IM : 1 CE«©TS y»E?y©49M09#i:fcj:tf292~ 

352#i) (si) o ttzs n&m£ti^x&^m&*wr (nmm 
4) o ztit>mm*. r TSBj tywjufis tt©ro* K^-f >**r*CTn 

>#ll&®iJ£JllfcLTV^€;L*>*i3o c©fc«) r TSBj *>^*JK»fti6 
FfSDNA EWOT: 2fcE«©tt»EW*6ft*DllA) fcjilfc&Si 
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*fciEBu r TSBj ^w^«i:1ilB«K:H«^w^irt:Mr*. - 

Hi, PCRt«l:SaM4«fSW^SSI«S/^7 i A (GIBC0-BRL*t Gaithersburg.Mar 
yland) > * 'J ^7 7 U*^ H Ci*»tt«»W*lll!l«tt (Kramer, W. and Frit 
z,HJ (1987) Methods in Enzynol., 154: 350-367) &£8*©£i£&*Jffl LT, IE 
: r T SBj ^W^gt:i^> ^OflKfetCTS-^fc^T' 

= ,/I8£ig:gfi8l&£LT, r TSBj 9y>\Zftt®8mtmmtt.9>M , RZ.%- 

B.*zz.h\&m%ft^r>%zh-eibZo tits t$ ;m<D£mm%£H^x 

: 1) 4>©7 5 ^KIE^Jt^^tl* L^BftCT^KiMBlk &&&L<fci: 
ttJnSftfcT^KiBBIfcEU r TSBj *>>t*liyitt»fcH««MBH 
^&££*i£o ggf ST^KOSBU r TSBj *Wt**fcMS©«M&ft«* 
fSIRtJWCttlRttft^. SOT^^KWrt-CftO, *f3:b<fct307^/& 

U ^4 a (Sambrook.J et al., Molecular Cloning 2nd ed. 9.47-9. 
58,Cold Spring Harbor Lab. press, 1989) *mtZ 15 <»&ti 
WSo HP*.. ^H^fcfttiu r T SBj * Wt***3- HfiDHA (iE?«J#^ 
: 2) EL <»*©-&*££. Ctii:ffl^©^^DNA^MLT, SDHAfrt 



WO 98/48015 



PCT/JP98/01782 



8 

Z(D^iZ TTSBj ^w^BSD-KfSDHAfc/Wry^X-rSDNAA* 
n-Yt^^y^n-dh^X, r TSBj * Wl*gfc«ttlftK:l^£&te2|8g5E 

6 #>©£$) i:LTfci:> khJ£tfM=x 0!l*BU 5»K "i^X X 

©/W^'j **>f a >©X h U >^x ^H#T-feti«MiiiR-r 
®^ r 42°C, 2xSSC, 0.1% SDSj H&T'ifrtK »JL<» 

r50°C, 2xSSC N 0.1% SDSj fi& % *51M± r 65°C, 2xSSC, 0.1% SDSj g£fc % 
^5±lfi>g{3mi^|5lt4 : &W-rSDNA^f#?>ChA s T'^?) 0 »^«WttiltiU 

TTSBj * W^fti:T^/$?iE?iJt:£VM:, MS> 40%&±©fiHtt* *T*L< 
t±60%«±©ffiEHx» * L < tt80%W±©Mtx> £ t«F* L/ < l±95 

«£?nffH?tt* ^nt K^>£{£8LTi^c^##£L^o ffe© 

C^D^E ^ DNASIS (B4V7h>)i7x>j; 

d i: t X D 5 3. i: A 5 pI^T: 5 • 

±IB*««3©^>/^H*=i-K"rSDNAt:H-rSo *«ifl© 
DNAhUTii. ±|3*%R80^>;^^^D-HU9?>*©T'$)ti« ! ^tM ii 
fc<, cDNA> #V ADNAx <b^£ffiDNA&£tf£l;*l5. *$PJ3©DNAfciu cDNA T 
feWdU iS?'J#<f: 2ti3tt©ifi«E5«4St^>fv-*«»Ux X 

^-^PCRSff-SifcCtDBISSrSiiltfRrtl-Cfta (W*HU r Affara 
NA et al (1994) Genomics, 22, 205-210j #10 , £fc> fJ ADNATA ftfc£> 0« 
x.fc£x TQiagen genomic DNA kitsj (Qiagentt^.Hilden, Germany) fcffl^fc^ 
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&fc<kDH«TS£fc#^fln?<ft3o n <btitzMh®t&mmm±, «© ""dye t 
erminator sequencing kitj (Applied BiosystemsftSD &££fflV^T#i£££ 

ty&ztzz.tmm-z&Zo *^®DNAii> mtz&?^ %m%kz.*y* 

> ;^ ft £ HSt * 5 tz tt)®^ * * -& s fa cjb u x ©^ * * * *i 

fflV^tl^^-^LTtiu Witt* 7?;-)^^^- TpAdejcLcwj ❖ 

TpZiPneoj *«W0*W<*llfe£ 

fe?>o mL^*-t\sX\±mtum±tL^ifis witi, (e.coid sis 

^S^lctt r P REP4j (QiagenttS5,Hilden, Germany) »#*ffi^SJS 
•&Ct± rsP-QOlj ( Stratagenelili, La Jol la, California) H£$fflB§£ 
fflV^Jl-ot-fi r BAC-to-BAC baculovirus expression systemj (GIBCO-BRLtt^, 
Gaithersburg, Maryland) ftlftfffSt^. ifcfcs CM 
H8k COSaBSs NIH3T3«lS&£«ffl^*»£fc:fcJ:s Wlittx r LacSwitch II expr 
ession systemj ( StratagenettK, La Jol la, California) 5 o ^ 

**l»fcJu **HBODNA*«aRittt«l*-r**llfc**t:H-r4. 

^©DNA^?ti^^A^lC^^nTV^?)^©^tir* J ^iHS* J ^ #&BJ§©D 
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2.0 

*&*£«k?>t hStfbffifts t Mft«:t»^*iiio *%W©tS(*ttx WT©££ 
£f§T. JLiift *»IS©IE¥ll*H*ft* * >^*t77^ -x-f-#7 

KftffitBU CtiftTDo^UtiffllliacU T^^Uo-vWt^'Jxfl/ 
>?y3-;ufc£©i*aii:j;»)IB££ttx cnt «t OT-ifcH^BS (;W7U 
H-v) *«W©C¥H»H^tlS^t4Jftftftfi4rs^P->ft 
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$£CHf5. *$8«3©a* , J-=>$ r Sttx (a) fcfciBOlEMtt&Fiittlfc 
K*4i:*&ftll£-fraxg. fc«fctf (b) Sf^OlEWBB^tlS^rSiStt* 

b<tt«IB (Wilt »*) iD77-^^- Ugtll, ZAPII^n fcfflu 

JiGST* >/WRt<Dm&9 >rt?nt UTHSSiU £*x£±i37 >f ;w*-i:£ffc 

*^tttSGSTffi<fcC*»>ttlti'rs ^i7h^{'>7DyN >7i£j (Sko 
lnik EY, Margolis B, Mohammadi M, Lowenstein E, Fischer R, Drepps A, Ull 
rich A, and Schlessinger J (1991)Cloning of PI3 kinase-associated p85 ut 
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ilizing a novel method for expression/cloning of target proteins for rec 
eptor tyrosine kinases. Cell 65, 83-90) .t«t D^UfSC fc#Rrt6"£&S. 
£ tz , * SRF*S£H$ £ it ttGAL4jg£fB# tMGZVXmft 

5 d i: ft £ SfflBS «fc D , VP16 £ tz ttGAL4te¥tSttfc«*S t W&t * BX « 

srrsJ^&cDNA^r^v-sfiMHu cft*±iB»MJiat:#xu^ t^m^ 

ft fc R§t£ 7 d - > *» *> 7 -Y 7 5 >J - fi*cDNA£ W t T *BIS £ # A L X 
(B««ftF«3-C*«lW©lKW«H ; f iiSS&Ta? WARMER*-* iix 

£) rtwo^-f 7'J ^ ^XrAj ( r MATCHMARKER Two-Hybrid Systemj , r Mam 
malian MATCHMAKER Two-Hybrid Assay Kitj , r MATCHMAKER One-Hybrid Systemj 
(l*?ft*clontechttRK ""HybriZAP Two-Hybrid Vector Systemj (stratagene 
ttKK XSK r Dalton S, and Treisman R (l992)Characterization of SAP-l, 
a protein recruited by serum response factor to the c-fos serum response 
element. Cell 68, 597-6l2j ) C^SBftt*^ tt> ^IfcXthZ. £*>t^ * 
SSBJl ©ts^fflffiH? * @£ t fe 7 7 4 -=r 4 -ft v A K *4gljj]©«K¥HftB? £: 

ss^-r * 7 > ^ 7 k lx ^ a 3 h wmz ft 5 ana©J«*±» * t < \m 
ttz. mfeLtzKmw&MmBm?^ smis®. £it\t^.m^>^s 

t> t < tt7 >7*A 7 7 -S^7^ Kx 4 7 71/ 4 7 -f "75 U $ tf * 

t*# : F£*7'J--->7''f □ r 'mi/>rS* r u-tt*t«t 

£/W *;u-7*y r£ffl^fc*7U-=>7* (Wrighton NC; Farrell FX; C 
hang R; Kashyap AK; Barbone FP; Mulcahy LS;Johnson DL; Barrett RW; Jolli 
ffe LK; Dower WJ., Small peptides as potent mimetics of the protein horm 
one erythropoietin, Science (UNITED STATES) Jul 26 1996, 273 p458-64, Ve 



WO 98/48015 



PCT/JP98/01782 



13 

rdine GL., The combinatorial chemistry of nature. Nature (ENGLAND) Nov 7 
1996, 384 pll-13> Hogan JC Jr. .Directed combinatorial chemistry. Nature 
(ENGLAND) Nov 7 1996, 384 pl7-9) tc<fc t) #&BJ3©i|£¥PgPS? CIS6t«N 

^s^±H < F^^nsm#:sfeiij«^ fistic s*ffk ^ffits 

#$SlU3Bu r TSBj ^>/^g^n-H1"SDNAJ:^W{3^'f 
XU fcfcl57*Utf^F©8lfi£*TaDNA(::§8T3o Cif rftg&Jlz 

fcDNAHu r TSBj ^>;^Jt*D-HrSDNA*tftHis 5fc#>©7"n-7i: 

it, tfci|itirsfe©©7-7^v-i:tTf>jfflqrifeT"^So nftttftr^T 

ia©jlJfeM 

Hi 14. >^7i/-A©7S>'KHiR*:8M3*fc i"tsbj © 

ttKE 81*5VrE|-C&4. PW)SITE^-*^-;*tft*fc:«fcD0££ftfc3o 
© ; E5 L -7&TI^T'^1-o 2oCD7o^E M 4 >(7 ^ 7 ^49-109*5 <fctf292-352) 
*J:VPESTE5!I (7^ 7 18636-672 )#£4T*«, 
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m2lt, r TSBj ^ r RING3j , l"f s hj H? M-f >©7 5 J 

$i2?'J ©Jt$t£*1"<> • tftfT'M'f r Denis and Green (19 
96) Genes and DeveL, 10: 261-271j lzfflm£titzt><DT:$> *)s V7YM>\ 
tfcttx r TSBj ©IBIR©ftffitc«-f So &ft£fttzB& 

04tt, AttEttfittCfclta TTSBj ©y-1f>j!¥«f^Lfct»©TJfea. 1 
ttftft 2(iBa> 3i±{|&*^ 4ttl»x 5(±8m 6(i#^i5s 7l±KML 8ttPK* 9(i 
Mfc lOttMMU llttSiiillx 12l±»&, 13tt8Uft* 14(±'W§§, 15tt<$H (SftM 
AH) , 16{i*^6«£*To BttJS«Mf3«i£:43ttS r TSBj ©/-1f>#Mft 
lttfii#ffi#tteifi«SHL-60, 2liHeLaS3J» 3l±1gtt#fittfiJfil#iK-56 

480, 7lifl$^A549, 8&M&jiG361£^T o #^Sv-*-©(4B&ttfc*Lfco 

^§a^gMUfcft©MM©3^1 
|®£;h,3&©T-tt&^o 

[Hffi^i] iiNG3j tmm&*%tzm<Dm%.%&v±mffii(Dm 

ESTx-*^-*©BLAST&f&fc:, r RING3j >Ifc?©DNAi2?!l(Beck et al.,(19 
92) DNA Seq., 2:203-210) £{£/BU 7D-7E5iJfc«Btt©ifta£tt©ESTSE 
^Lfco ^n?>©EST©9*>-o, lim^MNA7^77 , 'J-fi*© rH64204j 
(Diatchenko et al. ,(1996) Proc.Nat.Acad.Sci. 93:6025-6030)1^ «"RiNG3j t 
285bp£t>fcoT65%©iB?iJ*§|5!tt££ LT^fc, 
EST rH64204j £S©£ d-~ >?"£*t $fc»CEST§iai3b»&PCR7 , 7'f T-U 

r|E?iJ#^:3 : AATGTCTCTGCCAAGTCGACAAj £<fctfL <"ia?ij#^:4 : AGCATCCACAGGA 
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CGTTGAAAGj &&§tU M$kcmh*mmt UTPCRfcfirofco PCRIi> 94"C-C8#x 
ft^T <"94°CT-30# (Mtf) s 60°CT*1# (7--'J>^) x WCtZlft W 
S) j £35tM V)VHi1t e PCRCtt»*i:LT r AmpliTaq gold j (Per 
kin Elmermai!) fcffl^fc. C©|g^ 175bp©PCRl«Jtffc fctifco - 
©PCEit«5%7 , D-^tUTffll\ UlicDNAv -f 75 U - (ClontechttS^ HL3024 
a) &77l>-->7bfco fc** 7o-7t£1-^T, 7>^77>f;>^l: 
£t>[a- 32 P]dCTP-T:fll&U 7 o v*E>10*5 A (Chromaspin 10 columns) 
(ClontechttM) T'lfil^Ufco £fcx ;W 7>J T^-tf-^a >&x r Ex pressHyb 
hybridization solutionj (Clontechtt^)*-e65 0 CT-lP#F^Tofeo 7*;i/*- 
* ri x SSC, 0.1% SDS N 65°Cj 2:1^11*7 h U > v x >2/-T*Sfe# t tz 0 cDNA 

— > cdib^ij^est t tm £ ©fcffl v%Ts £ e> t 7 77 u 7 u 
-=>7*Lfc, ae*©^^- Hfgts©±gE5y*4i4-a©*-^— 7 

>y7?n->#f# ^tl^ST-s d©3HI££fiLfco C©^> JS3S106~tg£2 
946©*-7>'J-7 : >r >77b-A (ORF) K9477 ^ HI* £3104bp© 

attE8l;W&&*lfc. ORFCtt. 60bp©&^3'#liHR1g$#^T:fc^ 
20bp±^ # U 7=r~)^y V+fr (ATTAAA) £fco#UAx-;i/-ClieLfco * 
— r TSB (testis specific bromodomain) j t&*Ltz 0 

TTSBj ©If^T'^yftEJll^fltELfcffiSffi^JSiEMS^ : 2£^1\, Ztz. $ 

f>-it¥*m^X, ABI377SIbiE?!l&£*l (Perkin ElnerttSS) ti^lfc. 
[HWJ2] *BH3£:i3«fcU f **-7 

7^i?K?JT-©*>M7fCx-7^-7&?is«fc>K niING3j (66XffiPk 649 
7^yKttofc»)59XH-K r D 26362j (62Xffll^ 6497 S ygSfcfcfc D56XP1 
-)£<fctf r fshj (62HBH3* 565T^y^tfcfc»3 56?J|5j-)i:x *ofct»fflPtt© 

PBOSITESffl^fcT^^ltiBW©^- 7tft*C:J:»)x 2o©7o^E >(7 
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~ y 849-109££tf292-352)#P£$ftfco £ fcfcs 7 X J ^636-672{;PEST IB 
50 (Rodgers et al., (1986) Science, 234: 364) ^Slfc. Z.MQtt-'? 
©tiEil£E! 1 IZtfTo 

£tz. r RING3j tt-fe'J>-^l/^->^t— grStt^^TSd^^^nT 
l^fciMDenis and Green,(1996) Genes and Devel. ,10:261-271), ""TSBj © 
7^yi?iE5'J£8t£ r RING3 j V M>f >£it$Lfco 7^/$!i^'J©itigt 
i£, GCG££lt3Bestfit£ffl^TflJSL£o £©!£lfL r TSBj £fc^Tl£& 
r RING3j >m?W&®X£<®ft2hX^%ZtmiW[.tz (U 

2) 0 L*>U Jf^ATP^M-f y^-h't^i— >U 
XfmmWsZ^- Yt%*1—W7Y*4y\\1$k$:\,Xtztz®>, r TSBj 

£tz, r RING3j 9>rt?mm&m&tZZttf'Bl<btlZ^Z>tztb, PS0RT7" 

S©^^t^^^* 5 x 43 (488&s 489ft, 575{3u ^^^919^), 
^ • 7> Y ♦ x-f "s7*?it— )\f • Dy-byVX (Robbins and Dingwall consens 
us) (Robbins and Dingwall, (1991) Cell, 64: 615-23)#2:s £-(445ttfc«fctf6 
03{4)M1£ tifco c©Zii:^e> r RING3j >"TSBj mtm&tZZ t 

ftyfiglritzo 
[«0<J3] riSBj©x'^t>^ 

rTSBj ©&£ft±©{£B£ls]£-f 77^7-1) (IE5iJ#^:3) £<fctf 

L (IE5"J#^:4) £ffi^T> rcoriell Cell Repositories, New Jerseyj (Duboi 
s and Naylor, (1993) Genomics, 16: 315-319)^ ^£*ifc24«fittt h/ 

TSBCJiSf |5|1t{crv^v-U (iB3Wf:3) fc«fctfL 

4) ^fflUt, l^U;!/©#^fefrA^7U y h'»a&£*? U-->^bfc. £ 
©£31, ^*^n§175b P M%tt, t ^l^fe^tCOUT#^fe^T-fe5ilfia 
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% tgm13139j <b Otitis raeneBridge4 radiation hybrid panelj 
(Walter et al.,(1994) Nature Genetics 7: 22-28) tcflLTt>lE0i;7 , 7'f v- 
fcPCRtCffi^fco rhttp://wwv-genoie.wi. mit.edu/cgi-bin/contig/rhmapper. p 
l.j CttMfatf-'t-ftffl^-C, ^W7'JyK*«««lltt*Btt**^3 ^ 

sv -*-tov^©Ptt&3-Fi:Jt«Lfc. £©iB*l£i§!>i£U 114^ 
37ftlfc. Pi||»TP-©^W^U-3-Ftf»?»n, r TSBj TW 
I-7719j i: rwi-3099j (DlS2154)©F^©^fe#lpT"fcSCi:^$tLfc (03) . 
r TSBj %M<DMtii 

3) *«fctfL (E8I«:4) TPaWWf*Ci:t:J:D«Rbfcro-^*ffl^-Cff 
ofc 0 c©*§ms liU'^^ rD-^tt«3.5kb©iBiAi:ai*C;Wru^ 
XU 4.0kbC5mRNAii t>flJ^tii&<,>i>s^\-r X Ufe (H4A) 0 

rTSBj SH«-r5fc»tfflV^ESr©«l*«fJIW7-f ^7U-Mi:-aLfc(D 
iatchenko et al.,(1996) Proc. Nat. Acad. Sci. 93: 6025-6030) o 7* 

XLtzo K*<f >£3-K1-3Eai*3*rfc#>* d*ie>©fc5 

^RfiJIfi^iHtt, MAGE7 7 X U— (van der Bruggen et al- ,(1991) Science, 
254:1643-1647)©^!*/ W<-#flb®a<WC»SU iOiC*»4^« 
K/^>iSfe^©M44^.-n>?>pI^t4i) s fe5fc^ lEM®©^*;^!^ 
(C N 8o©^Jl«a*©mRNA©PU;i'*^7'J-->7*Lfco Cl©^ r TS 
Bj ©«Sli, tmLKMM%£&^X\i^fhm&2ti%frvtz (B4B) . PI 
10©tt*KH©***B:s TSB«SC:o^Tl8tt-eft-5fc (x-^li^bT 
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>y73&#i!tt£*ifco *«na©€W»H?ttx *CBB-*LT^4i:#*6*i 
W4<E¥»»H* r RING3j t?7 K U-SSfiSLTV^ fc#*6*U tfcll* 

*©ffe©<t&$lfciu S£te$Mi:L-C©{£ffl##;ie>ft&o 
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( i ) aiKA©R*xtt*» : tts^itwa^E^sffcffi 

( 2 ) %W<D&1& : e^TOB 1 ? 
( 3 ) : C2-902PCT 

( 4 ) JJM#^ : 
(5) ttSUB : 
( 6 ) iE?'J<Z>& : 4 

iE?J#^f : 1 
ETOfflfiS : 947 

h#Ds;- : mm 

Met Ser Leu Pro 
1 

Ser Arg Gin Thr Ala lie He Val Asn Pro Pro Pro Pro Glu Tyr He 
5 10 15 20 

Asn Thr Lys Lys Asn Gly Arg Leu Thr Asn Gin Leu Gin Tyr Leu Gin 

25 30 35 

Lys Val Val Leu Lys Asp Leu Trp Lys His Ser Phe Ser Trp Pro Phe 

40 45 50 

Gin Arg Pro Val Asp Ala Val Lys Leu Lys Leu Pro Asp Tyr Tyr Thr 

55 60 65 

He lie Lys Asn Pro Met Asp Leu Asn Thr lie Lys Lys Arg Leu Glu 
70 75 80 
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Asn Lys Tyr Tyr Ala Lys Ala Ser Glu Cys He Glu Asp Phe Asn Thr 
85 90 95 100 

Met Phe Ser Asn Cys Tyr Leu Tyr Asn Lys Pro Gly Asp Asp He Val 

105 110 115 

Leu Met Ala Gin Ala Leu Glu Lys Leu Phe Met Gin Lys Leu Ser Gin 

120 125 130 

Met Pro Gin Glu Glu Gin Val Val Gly Val Lys Glu Arg He Lys Lys 

135 140 145 

Gly Thr Gin Gin Asn lie Ala Val Ser Ser Ala Lys Glu Lys Ser Ser 

150 155 160 

Pro Ser Ala Thr Glu Lys Val Phe Lys Gin Gin Glu He Pro Ser Val 
165 170 175 180 

Phe Pro Lys Thr Ser lie Ser Pro Leu Asn Val Val Gin Gly Ala Ser 

185 190 195 

Val Asn Ser Ser Ser Gin Thr Ala Ala Gin Val Thr Lys Gly Val Lys 

200 205 210 

Arg Lys Ala Asp Thr Thr Thr Pro Ala Thr Ser Ala Val Lys Ala Ser 

215 220 225 

Ser Glu Phe Ser Pro Thr Phe Thr Glu Lys Ser Val Ala Leu Pro Pro 

230 235 240 

lie Lys Glu Asn Met Pro Lys Asn Val Leu Pro Asp Ser Gin Gin Gin 
245 250 255 ' * 260 

Tyr Asn Val Val Glu Thr Val Lys Val Thr Glu Gin Leu Arg His Cys 

265 270 275 

Ser Glu He Leu Lys Glu Met Leu Ala Lys Lys His Phe Ser Tyr Ala 
280 285 290 
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Trp Pro Phe Tyr Asn Pro Val Asp Val Asn Ala Leu Gly Leu His Asn 

295 300 305 

Tyr Tyr Asp Val Val Lys Asn Pro Met Asp Leu Gly Thr He Lys Glu 

310 315 320 

Lys Met Asp Asn Gin Glu Tyr Lys Asp Ala Tyr Ser Phe Ala Ala Asp 
325 330 335 340 

Val Arg Leu Met Phe Met Asn Cys Tyr Lys Tyr Asn Pro Pro Asp His 

345 350 355 

Glu Val Val Thr Met Ala Arg Met Leu Gin Asp Val Phe Glu Thr His 

360 365 370 

Phe Ser Lys He Pro He Glu Pro Val Glu Ser Met Pro Leu Cys Tyr 

375 380 385 

He Lys Thr Asp He Thr Glu Thr Thr Gly Arg Glu Asn Thr Asn Glu 

390 395 400 

Ala Ser Ser Glu Gly Asn Ser Ser Asp Asp Ser Glu Asp Glu Arg Val 
405 410 415 420 

Lys Arg Leu Ala Lys Leu Gin Glu Gin Leu Lys Ala Val His Gin Gin 

425 430 435 

Leu Gin Val Leu Ser Gin Val Pro Phe Arg Lys Leu Asn Lys Lys Lys 

440 445 450 

Glu Lys Ser Lys Lys Glu Lys Lys Lys Glu Lys Val Asn Asn Ser Asn 

455 460 465 " 

Glu Asn Pro Arg Lys Met Cys Glu Gin Met Arg Leu Lys Glu Lys Ser 

470 475 480 

Lys Arg Asn Gin Pro Lys Lys Arg Lys Gin Gin Phe He Gly Leu Lys 
485 490 495 500 
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Ser Glu Asp Glu Asp Asn Ala Lys Pro Met Asn Tyr Asp Glu Lys Arg 

505 510 515 

Gin Leu Ser Leu Asn lie Asn Lys Leu Pro Gly Asp Lys Leu Gly Arg 

520 525 530 

Val Val His He He Gin Ser Arg Glu Pro Ser Leu Ser Asn Ser Asn 

535 540 545 

Pro Asp Glu He Glu lie Asp Phe Glu Thr Leu Lys Ala Ser Thr Leu 

550 555 560 

Arg Glu Leu Glu Lys Tyr Val Ser Ala Cys Leu Arg Lys Arg Pro Leu 
565 570 575 580 

Lys Pro Pro Ala Lys Lys He Met Met Ser Lys. Glu Glu Leu His Ser" 

585 590 595 

Gin Lys Lys Gin Glu Leu Glu Lys Arg Leu Leu Asp Val Asn Asn Gin 

600 605 610 

Leu Asn Ser Arg Lys Arg Gin Thr Lys Ser Asp Lys Thr Gin Pro Ser 

615 620 625 

Lys Ala Val Glu Asn Val Ser Arg Leu Ser Glu Ser Ser Ser Ser Ser 

630 635 640 

Ser Ser Ser Ser Glu Ser Glu Ser Ser Ser Ser Asp Leu Ser Ser Ser 
645 650 655 660 

Asp Ser Ser Asp Ser Glu Ser Glu Met Phe Pro Lys Phe Thr Glu Val 

665 670 * 675 

Lys Pro Asn Asp Ser Pro Ser Lys Glu His Val Lys Lys Met Lys Asn 

680 685 690 

Glu Cys He Leu Pro Glu Gly Arg Thr Gly Val Thr Gin lie Gly Tyr 
695 700 705 
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Cys Val Gin Asp Thr Thr Ser Ala Asn Thr Thr Leu Val His Gin Thr 

710 715 720 

Thr Pro Ser His Val Met Pro Pro Asn His His Gin Leu Ala Phe Asn 
725 730 735 740 

Tyr Gin Glu Leu Glu His Leu Gin Thr Val Lys Asn lie Ser Pro Leu 

745 750 755 

Gin He Leu Pro Pro Ser Gly Asp Ser Glu Gin Leu Ser Asn Gly He 

760 765 770 

Thr Val Met His Pro Ser Gly Asp Ser Asp Thr Thr Met Leu Glu Ser 

775 780 785 

Glu Cys Gin Ala Pro Val Gin Lys Asp He Lys He Lys Asn Ala Asp 

790 795 800 

Ser Trp Lys Ser Leu Gly Lys Pro Val Lys Pro Ser Gly Val Met Lys 
805 810 815 820 

Ser Ser Asp Glu Leu Phe Asn Gin Phe Arg Lys Ala Ala He Glu Lys 

825 830 835 

Glu Val Lys Ala Arg Thr Gin Glu Leu He Arg Lys His Leu Glu Gin 

840 845 850 

Asn Thr Lys Glu Leu Lys Ala Ser Gin Glu Asn Gin Arg Asp Leu Gly 

855 860 865 

Asn Gly Leu Thr Val Glu Ser Phe Ser Asn Lys He Gin Asn Lys Cys 

870 875 880 * 

Ser Gly Glu Glu Gin Lys Glu His Pro Gin Ser Ser Glu Ala Gin Asp 
885 890 895 900 

Lys Ser Lys Leu Trp Leu Leu Lys Asp Arg Asp Leu Ala Arg Pro Lys 
905 910 915 
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Glu Gin Glu Arg Arg Arg Arg Glu Ala Met Val Gly Thr He Asp Met 

920 925 930 

Thr Leu Gin Ser Asp He Met Thr Met Phe Glu Asn Asn Phe Asp 
935 940 945 

mmm i 

i^iJOft£ : 3104 

mwm : mm 

btfPv- : IMUt 
MWUm : cDNA to mRNA 

mm®®. 

«ra*Stl3^ : CDS 
: 106 2946 
: E 

§E V\ 

GGCAAGATGT TCCTGGGAGG TCAAGTTAAG AGTCAAAAAT AATTCATTAG ATTTAACAAT 
TTAGCATGGA CATGTACTTG TAGACAGGAT TCAAAGCAGT TAAGA ATG TCT CTG CCA 

Met Ser Leu Pro 
1 

AGT CGA CAA ACA GCT ATT ATT GTT AAC CCT CCT CCA CCA GAA TAT ATA 
Ser Arg Gin Thr Ala He lie Val Asn Pro Pro Pro Pro Glu Tyr He 
5 10 15 20 

AAT ACT AAG AAA AAT GGG CGA TTG ACA AAT CAA CTT CAG TAT CTA CAA 
Asn Thr Lys Lys Asn Gly Arg Leu Thr Asn Gin Leu Gin Tyr Leu Gin 
25 30 35 
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405 



453 



AAA GTT GTC CTA AAG GAT TTA TGG AAG CAT AGT TTT TCA TGG CCC TTT 261 
Lys Val Val Leu Lys Asp Leu Trp Lys His Ser Phe Ser Trp Pro Phe 

40 45 50 

CAA CGT CCT GTG GAT GCT GTG AAA CTA AAG TTG CCT GAT TAT TAT ACC 309 
Gin Arg Pro Val Asp Ala Val Lys Leu Lys Leu Pro Asp Tyr Tyr Thr 

55 60 65 

ATT ATA AAA AAC CCA ATG GAT TTA AAT ACA ATT AAG AAG CGC TTG GAG 357 
He He Lys Asn Pro Met Asp Leu Asn Thr He Lys Lys Arg Leu Glu 

70 75 80 

AAT AAA TAT TAT GCG AAG GCT TCA GAA TGT ATA GAA GAC TTC AAT ACA 
Asn Lys Tyr Tyr Ala Lys Ala Ser Glu Cys He Glu Asp Phe Asn Thr 
85 90 95 100 

ATG TTC TCA AAT TGT TAT TTA TAT AAC AAG CCT GGA GAT GAC ATT GTT 
Met Phe Ser Asn Cys Tyr Leu Tyr Asn Lys Pro Gly Asp Asp He Val 

105 HO H5 

CTT ATG GCA CAA GCT CTA GAG AAG CTG TTT ATG CAG AAA TTA TCT CAG 501 
Leu Met Ala Gin Ala Leu Glu Lys Leu Phe Met Gin Lys Leu Ser Gin 

120 125 130 

ATG CCA CAA GAA GAG CAA GTT GTG GGT GTT AAG GAA AGA ATC AAG AAA 549 
Met Pro Gin Glu Glu Gin Val Val Gly Val Lys Glu Arg He Lys Lys 

135 140 145 

GGC ACT CAA CAG AAT ATA GCT GTT TCT TCT GCT AAA GAA AAA TCA TCA 597 
Gly Thr Gin Gin Asn lie Ala Val Ser Ser Ala Lys Glu Lys Ser Ser 

150 155 160 

CCC AGC GCA ACA GAA AAA GTA TTT AAG CAG CAA GAA ATT CCT TCT GTA 645 
Pro Ser Ala Thr Glu Lys Val Phe Lys Gin Gin Glu lie Pro Ser Val 
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165 170 175 180 

TTT CCT AAG ACA TCT ATT TCT CCC TTG AAC GTG GTA CAG GGA GCT TCA 
Phe Pro Lys Thr Ser He Ser Pro Leu Asn Val Val Gin Gly Ala Ser 

185 190 195 

GTC AAC TCC AGT TCA CAA ACT GCG GCC CAA GTT ACA AAA GGT GTG AAG 
Val Asn Ser Ser Ser Gin Thr Ala Ala Gin Val Thr Lys Gly Val Lys 

200 205 210 

AGG AAA GCA GAT ACA ACA ACT CCT GCA ACT TCA GCA GTT AAA GCA AGT 
Arg Lys Ala Asp Thr Thr Thr Pro Ala Thr Ser Ala Val Lys Ala Ser 

215 220 225 

AGT GAA TTT TCT CCA ACA TTC ACA GAA AAA TCA GTG GCA CTG CCA CCT " 
Ser Glu Phe Ser Pro Thr Phe Thr Glu Lys Ser Val Ala Leu Pro Pro 

230 235 240 

ATA AAA GAA AAT ATG CCA AAG AAT GTT TTG CCA GAT TCT CAG CAA CAA 
He Lys Glu Asn Met Pro Lys Asn Val Leu Pro Asp Ser Gin Gin Gin 
245 250 255 260 

TAT AAT GTT GTG GAG ACT GTT AAA GTA ACT GAA CAA TTA AGG CAC TGT 
Tyr Asn Val Val Glu Thr Val Lys Val Thr Glu Gin Leu Arg His Cys 

265 270 275 

AGT GAG ATT CTT AAA GAA ATG CTT GCA AAG AAA CAT TTT TCA TAT GCA 
Ser Glu lie Leu Lys Glu Met Leu Ala Lys Lys His Phe Ser Tyr Ala 

280 285 290 

TGG CCC TTT TAT AAT CCT GTT GAC GTT AAT GCT TTG GGA CTC CAT AAC 
Trp Pro Phe Tyr Asn Pro Val Asp Val Asn Ala Leu Gly Leu His Asn 

295 300 305 

TAC TAT GAC GTT GTC AAA AAT CCG ATG GAT CTT GGA ACT ATT AAG GAG 



693 



741 



789 



837 



885 



933 



981 



1029 



1077 
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Tyr Tyr Asp Val Val Lys Asn Pro Met Asp Leu Gly Thr He Lys Glu 

310 315 320 

AAA ATG GAT AAC CAA GAA TAT AAG GAT GCA TAC TCA TTT GCG GCA GAT 1125 
Lys Met Asp Asn Gin Glu Tyr Lys Asp Ala Tyr Ser Phe Ala Ala Asp 
325 330 335 340 

GTT AGA TTA ATG TTC ATG AAT TGC TAC AAG TAC AAT CCT CCA GAT CAC 1173 
Val Arg Leu Met Phe Met Asn Cys Tyr Lys Tyr Asn Pro Pro Asp His 

345 350 355 

GAA GTT GTG ACA ATG GCA AGA ATG CTT CAG GAT GTT TTC GAA ACG CAT 1221 
Glu Val Val Thr Met Ala Arg Met Leu Gin Asp Val Phe Glu Thr His 

360 365 370 

TTT TCA AAG ATC CCG ATT GAA CCT GTT GAG AGT ATG CCT TTA TGT TAC 1269 
Phe Ser Lys He Pro He Glu Pro Val Glu Ser Met Pro Leu Cys Tyr 

375 380 385 

ATC AAA ACA GAT ATC ACA GAA ACC ACT GGT AGA GAG AAC ACT AAT GAA 1317 
lie Lys Thr Asp He Thr Glu Thr Thr Gly Arg Glu Asn Thr Asn Glu 

390 395 400 

GCC TCC TCT GAA GGG AAC TCT TCT GAT GAT TCT GAA GAT GAG CCA GTT 1365 
Ala Ser Ser Glu Gly Asn Ser Ser Asp Asp Ser Glu Asp Glu Arg Val 
405 410 415 420 

AAG CGT CTT GCA AAG CTT CAG GAG CAG CTT AAA GCT GTA CAT CAA CAG 1413 
Lys Arg Leu Ala Lys Leu Gin Glu Gin Leu Lys Ala Val His Gin Gin 

425 430 435 

CTC CAG GTT TTG TCC CAA GTA CCT TTC CGT AAG CTA AAT AAA AAG AAA 1461 
Leu Gin Val Leu Ser Gin Val Pro Phe Arg Lys Leu Asn Lys Lys Lys 
440 445 450 
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GAG AAG TCT AAA AAG GAA AAG AAA AAA GAA AAG GTT AAT AAC AGC AAT 1509 
Glu Lys Ser Lys Lys Glu Lys Lys Lys Glu Lys Val Asn Asn Ser Asn 

455 460 465 

GAA AAT CCA AGA AAA ATG TGT GAG CAA ATG AGG CTA AAG GAA AAG TCC 1557 
Glu Asn Pro Arg Lys Met Cys Glu Gin Met Arg Leu Lys Glu Lys Ser 

470 475 480 

AAG AGA AAT CAG CCA AAG AAA AGG AAA CAA CAG TTC ATT GGT CTA AAA 1605 
Lys Arg Asn Gin Pro Lys Lys Arg Lys Gin Gin Phe He Gly Leu Lys 
485 490 495 500 

TCT GAA GAT GAA GAT AAT GCT AAA CCT ATG AAC TAT GAT GAG AAA AGG 1653. 
Ser Glu Asp Glu Asp Asn Ala Lys Pro Met Asn Tyr Asp Glu Lys Arg 

505 510 515 

CAG TTA AGT CTG AAT ATA AAC AAA CTC CCT GGA GAT AAA CTT GGG CGA 1701 
Gin Leu Ser Leu Asn He Asn Lys Leu Pro Gly Asp Lys Leu Gly Arg 

520 525 530 

GTA GTT CAC ATA ATA CAA TCA AGA GAG CCT TCT CTG AGC AAT TCC AAT 1749 
Val Val His He He Gin Ser Arg Glu Pro Ser Leu Ser Asn Ser Asn 

535 540 545 

CCT GAT GAG ATA GAG ATA GAC TTT GAA ACA CTG AAA GCA TCA ACA CTA 1797 
Pro Asp Glu He Glu He Asp Phe Glu Thr Leu Lys Ala Ser Thr Leu 

550 555 560 

AGA GAA TTA GAA AAA TAT GTT TCG GCA TGT CTA AGA AAG AGA CCA TTA 1845 
Arg Glu Leu Glu Lys Tyr Val Ser Ala Cys Leu Arg Lys Arg Pro Leu 
565 570 575 580 

AAA CCT CCT GCT AAG AAA ATA ATG ATG TCC AAA GAA GAA CTT CAC TCA 1893 
Lys Pro Pro Ala Lys Lys He Met Met Ser Lys Glu Glu Leu His Ser 
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585 590 595 

CAG AAA AAA CAG GAA TTG GAA AAG CGG TTA CTG GAT GTT AAT AAT CAG 1941 
Gin Lys Lys Gin Glu Leu Glu Lys Arg Leu Leu Asp Val Asn Asn Gin 

600 605 610 

TTA AAT TCT AGA AAA CGT CAA ACA AAA TCT GAT AAA ACG CAA CCA TCC 1989 
Leu Asn Ser Arg Lys Arg Gin Thr Lys Ser Asp Lys Thr Gin Pro Ser 

615 620 625 

AAA GCT GTT GAA AAT GTT TCC CGA CTG AGT GAG AGC AGC AGC AGC AGC 2037 
Lys Ala Val Glu Asn Val Ser Arg Leu Ser Glu Ser Ser Ser Ser Ser 

630 635 640 

AGC AGC TCA TCA GAG TCT GAA AGT AGC AGC AGT GAC TTA AGC TCT TCA 2085 
Ser Ser Ser Ser Glu Ser Glu Ser Ser Ser Ser Asp Leu Ser Ser Ser 
645 650 655 660 

GAC AGC AGT GAT TCT GAA TCA GAA ATG TTC CCT AAG TTT ACA GAA GTA 2133 
Asp Ser Ser Asp Ser Glu Ser Glu Met Phe Pro Lys Phe Thr Glu Val 

665 670 675 

AAA CCA AAT GAT TCT CCT TCT AAA GAG CAT GTA AAG AAA ATG AAG AAT 2181 
Lys Pro Asn Asp Ser Pro Ser Lys Glu His Val Lys Lys Met Lys Asn 

680 685 690 

GAA TGC ATA CTG CCT GAA GGA AGA ACA GGC GTC ACA CAG ATA GGA TAT 2229 
Glu Cys lie Leu Pro Glu Gly Arg Thr Gly Val Thr Gin He Gly Tyr 

695 700 705 ' 

TGT GTG CAA GAC ACA ACC TCT GCC AAT ACT ACC CTT GTT CAT CAG ACC 2277 
Cys Val Gin Asp Thr Thr Ser Ala Asn Thr Thr Leu Val His Gin Thr 

710 715 720 

ACA CCT TCA CAT GTA ATG CCA CCA AAT CAC CAC CAA TTA GCA TTT AAT 2325 
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Thr Pro Ser His Val Met Pro Pro Asn His His Gin Leu Ala Phe Asn 

725 730 735 740 

TAT CAA GAA TTA GAA CAT TTA CAG ACT GTG AAA AAC ATT TCA CCT TTA 2373 

Tyr Gin Glu Leu Glu His Leu Gin Thr Val Lys Asn He Ser Pro Leu 

745 750 755 

CAA ATT CTG CCT CCC TCA GGT GAT TCT GAA CAG CTC TCA AAT GGC ATA 2421 
Gin He Leu Pro Pro Ser Gly Asp Ser Glu Gin Leu Ser Asn Gly He 

760 765 770 

ACT GTG ATG CAT CCA TCT GGT GAT AGT GAC ACA ACG ATG TTA GAA TCT 2469 
Thr Val Met His Pro Ser Gly Asp Ser Asp Thr Thr Met Leu Glu Ser 

775 780 785 

GAA TGT CAA GCT CCT GTA CAG AAG GAT ATA AAG ATT AAG AAT GCA GAT 2517 
Glu Cys Gin Ala Pro Val Gin Lys Asp He Lys He Lys Asn Ala Asp 

790 795 800 

TCA TGG AAA AGT TTA GGC AAA CCA GTG AAA CCA TCA GGT GTA ATG AAA 2565 
Ser Trp Lys Ser Leu Gly Lys Pro Val Lys Pro Ser Gly Val Met Lys 
805 810 815 820 

TCC TCA GAT GAG CTC TTC AAC CAA TTT AGA AAA GCA GCC ATA GAA AAG 2613 
Ser Ser Asp Glu Leu Phe Asn Gin Phe Arg Lys Ala Ala He Glu Lys 

825 830 1 835 

GAA GTA AAA GCT CGG ACA CAG GAA CTC ATA CGG AAG CAT TTG GAA CAA 2661 
Glu Val Lys Ala Arg Thr Gin Glu Leu He Arg Lys His Leu Glu Gin 

840 845 850 

AAT ACA AAG GAA CTA AAA GCA TCT CAA GAA AAT CAG AGG GAT CTT GGG 2709 
Asn Thr Lys Glu Leu Lys Ala Ser Gin Glu Asn Gin Arg Asp Leu Gly 
855 860 865 
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AAT GGA TTG ACT GTA GAA TCT TTT TCA AAT AAA ATA CAA AAC AAG TGC 2757 
Asn Gly Leu Thr Val Glu Ser Phe Ser Asn Lys He Gin Asn Lys Cys 

870 875 880 

TCT GGA GAA GAG CAG AAA GAA CAT CCG CAG TCA TCA GAA GCT CAA GAT 2805 
Ser Gly Glu Glu Gin Lys Glu His Pro Gin Ser Ser Glu Ala Gin Asp 
885 890 895 900 

AAA TCC AAA CTC TGG CTT CTC AAA GAC CGT GAT TTA GCC AGG CCG AAA 2853 
Lys Ser Lys Leu Trp Leu Leu Lys Asp Arg Asp Leu Ala Arg Pro Lys 

905 910 915 

GAA CAA GAG AGG AGG AGG AGA GAA GCC ATG GTG GGT ACC ATT GAT ATG 2901 
Glu Gin Glu Arg Arg Arg Arg Glu Ala Met Val Gly Thr He Asp Met 

920 925 930 

ACC CTT CAA AGT GAC ATT ATG ACA ATG TTT GAA AAC AAC TTT GAT 2946 
Thr Leu Gin Ser Asp lie Met Thr Met Phe Glu Asn Asn Phe Asp 

935 940 945 

TAAAACTCAG TTTTTAAATT AACCATCCAC TTAAAATGAA TGGTAAAAGA TCAAAATGCA 3006 
TATGGTAAAA TGATTGCTTT CAGATAACAA GATACCAATC TTATATTGTA TTTTGACTGC 3066 
TCTAAAATGA TTAAACAGTT TTCACTTACA AAAAAAAA 3104 



: 3 

sai©ft£ : 22 

E*J©tt8 : <&©«» -n$DNA 
E9J 
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AATGTCTCTG CCAAGTCGAC AA 

1B?'J## : 4 
EBI<Dft£ : 22 

mow. : -*« 

h#D*- : aw 
iB5>J©«« : l©« "nfifeDNA 
£81 

AGCATCCACA GGACGTTGAA AG 
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3 . m&m i sfctt 2 tiia«©t£¥H©H? k-tsdra. 

4 . »#* 3 CE«©DNA*£tf«* * -» 

5 . H#*3 CE*©DNA£$g£«K:ft81"SJ&H£lfcfto 

6. 8l«a5CE«©«fME»«»»t*xa*dtr, »*«l*fctt2C 

8 . Ill** 1 Sfctt 2 CE«©C™«H*Ctt*t *Stt****fc*«® 

( a ) It** 1 * fctt 2 CEfcOfcWflH* fc**K* I: Xfi, 

(b) mxmiztz&2£tm<Dm^mm*tm&tzmz%tzib&m 

9. »3R*8CE«035acJ:DML^S, «**1 *fctt2 fcE*©CT 

i o . 55«sa#-cfc^ «i**9 ce*©fls^«i. 
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A^AtTA^ 

GTCmkti^nUAIi^B^I I IAIlia^ 540 

atcaagamggwi^ 

(^^ctctatttc^ 

caagtoLwagst^ 

ACTGmWGTAACTC^ 



AT(^TAA«;AAMWAIMUOMUWUM,i™iiiowuw»»»um^^ 0 

c y^yAA^tt!iAALy»^ ™ 

GAAGATGAGCGAGTOAGCGTcfnSCAAAGCTTCAGGASM JJg" 
CGTAAGCTAAATAAAAAGAAAGAGAAGTCT «? 

gagcaaaWmctaaa^^ 

AATGCTAAACCTATCAACTATGATGAGAAAAGGCAGTTW^ ggg" 
ATAATACAATCAAGAGAG^^ 

gaattagaaaItatgUggmtctctaaga^ 
<*accat!^ 

gUaagctctt^cag^ gf 

GCCAATACTACC^ 

ANTTLVHQTTPSHVHPPNHHQLArnTU t I t w 
CATITACAGACTGTGAAAAACAmCAC^^ 

HI QTVKN TSPLQILPPS60SEQ15HG 11 v n ri9 

CATCWTCTCBTGATAGTGACACAACGATGTTAGAATCTGAATGTCAW |§?0 

upQcn^DTTNL FSECOAPVQICDIIvIftnAuo ouo 

TGGAAAAGTTTAfiGCAAACCAGTGAAACCATCAGGm 

AA^TAAAAGCTC^ f ™ 

GATCfnSG^TGGATTBAOTTAfiMTCTTTTTC 
ni PNfil TVFSFSNKIQNKCSGEEQKcnrub pad 

TCAGAAGCTCAAGATAAATCOAACTCTC^ 

SFAODKSKLtfLLKDRDLARPKEQER R R R fe A 9Zt> 
ATGGTOGTAWATOATATGACCCTTCAAAGTGACAnAT^ « 70 

ATCMCTTAAAATGAATOTAAAAGATCAAAATGCATATO 
GACTGCTCTAAAATGATTAAACAGTTTTCACTTACAAAAAAAAA 3104 
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